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II. UFg CYLINDER-HANDLING OPEriATIONS
It is useful at this point to review briefly the major operations that are anticipated for feed, product, and tails UFg cylinders when the GCEP Feed and Withdrawal (F/W) Building is operational. In the context of this paper, it is useful to note that some of the UFg feed will come from facilities not under IAEA inspection, and that all of the GCEP product and tails UFg will go the facilities not eligible for IAEA inspections. Moreover, the operator needs to ship offsite the product and tails cylinders as soon as safe operations permit. The feed, product, and tails flow rates for GCEP with a 1100 tonne SWU/yr separative capacity are given in Table I .
Feed
Feed UFg will be received from several suppliers in 10-ton and 14-ton cylinders. Upon receipt each feed cylinder will be unloaded and brought into the feed area of the F/W Building to be weighed on an accountability scale. The cylinders will then be transferred to a storage area to await acceptance sampling. This sampling will occur within 7 days of the arrival of a cylinder.
The feed cylinder will then be removed from the autoclave, weighed, and moved by railcar to a storage area to cool while the sample is analyzed off-site; the results of this analysis will be available within 21 days of sampling for feed cylinders. The cooling period will be 5 days. If the cylinder is accepted, it will remain in storage awaiting its turn to be taken to the feed area. Cylinders will be fed in order or receipt. It is anticipated that the facility will maintain a stockpile of sampled UF5 feed cylinders equivalent to 75 days of operation a.1 the then-current operating separative capacity. A cylinder scheduled to be fed will be brought into the F/W feed area from the storage area, placed in an autoclave, heated, and fed to the cascades. After the cylinder is empty, it will be removed from the autoclave, weighed, and taken to a storage area until another railcar or truck arrives with full feed cylinders; the empty cylinders will be returned to the supplier by truck or by railcar.
Product
Empty product cylinders will arrive four at a time at the F/W Building on four-cylinder railcars. The empty cylinders will be unloaded by crane, brought to the feed area, weighed on the accountability scale, and returned to the railcar until needed. When needed, the cylinder to be filled will then be moved by crane from the railcar to a product-withdrawal station and filled with UF,.
After filling, product cylinders will be allowed to cool in place for 1 to 3 days until the contents are solid; they will then be moved to the feed area of shipping. Prior to 1987, all tails cylinders will be sampled; after that, at least 10Z of the tails cylinders will be sampled for accountability purposes.
The tails cylinders will be shipped offsite to facilities not eligible for IAEA safeguards, and thus will be withdrawn from safeguards under the terms of the US/IAEA Agreement.
III. AN APPROACH TO MATERIAL-BALANCE VKRIFICATION WITH INTERMITTENT INSPECTIONS
As noted above, the operator needs to ship product and tails cylinders offsite as soon as safe operations permit. On the other hand, the IAEA needs to have the opportunity to verify the feed, product, and tails before they are fed to or shipped from the plant. A verification approach has been suggested which provides the IAEA with the opportunity to verify cylinder contents while keeping the burden on the operator, and interference with cylinder-handling procedures, 4 to acceptable levels. This concept is described briefly below.
A. Description of the Approach
The concept makes use of the second method described above in Section 
B. Probability of Detection
The probability (P-) with which the IAEA will detect a falsified cylinder (i.e., a cylinder with a defect) depends on the probability (P.) that any given cylinder is on site at the time of an IAEA material-balance-verification-inspection, and on the probability (Pg) that the cylinder will be selected for verification if it is on site. It is assumed that the attributes and variables sample sizes will be chosen such that this latter probability will be 90%.
Note that gross defects are detected by the attributes measurements, while small defects (and biases) are detected by the variables measurements. Thus,
The following analysis is due to J.B. Sanborn. We now consider the case in which the operator must falsify the contents of more than one cylinder in order to divert a significant quantity of uranium. Let n be the number of cylinders that must be so falsified. It can be shown that the diverter's best strategy is to defect (falsify) these n cylinders sequentially, rather than distributing the n individual falsifications throughout the year. It also can be shown that the probability of detection in this These relationships are summarized in Table II , while the parameters used in the present calculation are summarized in Table III. C. Results
Product Cylinders
We consider first the case of product cylinders, for which the operator only needs to falsify the enrichment or weight of one cylinder in order to divert an LEU significant quantity. For product cylinders produced by an 1100 tonne SWU/yr GCEP, T • 7.5 days. Figure 1 gives the detection probability 
